Summary: Simultaneous recordings of myocytes contractility and their cytoplasmic calcium concentration allow powerful studies, particularly on heart failure and other cardiac dysfunctions. Such studies require dedicated and expensive experimental devices that are difficult to use. Thus we propose SarConfoCal, the first and only software to simultaneously analyse both cytoplasmic calcium variations (from fluorescence signal) and myocytes contractility (from sarcomere length measurement) on laser scanning confocal microscopy images. SarConfoCal is easy to set up and use, especially by people without programming skills. Availability and implementation: The software is freely distributed under the GNU General Public License. Download and setup instructions are available at http://pccv.univ-tours.fr/ImageJ/ SarConfoCal. It is provided as a toolset for ImageJ (the open-source program for image analysis provided by the National Institutes of Health). SarConfoCal has been tested under Windows, Mac and Linux operating systems.
Introduction
The contractility of striated muscle cells such as cardiomyocytes and skeletal muscle cells can be accurately quantified by the measurement of their sarcomere shortening (Gannier et al., 1993) . In transmitted light microscopy, these cells display a transverse striated pattern due to dark and light bands corresponding to the very regular organization of contractile proteins. Such aligned cell segments form functional contraction units called sarcomeres. Sarcomere contraction occurs following an increase of the cytoplasmic calcium concentration triggered by an action potential.
The simultaneous measure of cardiomyocyte contraction and cytoplasmic calcium concentration represents an important step for a better understanding of the physiopathology of several worldwide cardiac diseases such as heart failure and atrial fibrillation. However, there are currently no free, user-friendly and turnkey available methods for these combined measurements. People without programming skills have only access to difficult to use specific and costly systems such as that commercialized by IonOptix society (Massachusetts, USA) which, however, do not work on laser scanning confocal microscopy images. Therefore, we developed SarConfoCal to compute from scanning confocal microscopy images both sarcomere length (SL) and calcium variations and to output their plots vs. time. It uses the generally untapped information from the transmitted light of the laser, the latter being recorded simultaneously with fluorescent calcium dye signal.
SarConfoCal is freely available as a toolset for ImageJ (Schneider et al., 2012) ; it is distributed under the GNU General Public License, ready to use, and does not require expertise in image processing algorithms. 
Image acquisition and input data
Simultaneous acquisition of the transmitted light across the myocytes and of the variations of fluorescence intensity of the calcium dye (e.g. Fluo-4) is required. The transmission image is achieved from a transmitted light detector that equips most current confocal microscopes. The image is collected with a photomultiplier through a sub-stage condenser. Thus, it is created pixel by pixel using the illumination from the laser excitation source that crosses the sample. This light is generally monochromatic, therefore, providing a high quality (although not monoplane) transmitted light image which is perfectly synchronous with the fluorescent image conventionally acquired (Hibbs, 2004) . Acquisition of this two-channel image must be done in XT mode, also called "linescan mode", which consists in repeated high-frequency laser scanning of a single line. This line has to be drawn within the longitudinal axis at the centre of the myocyte. For an optimal sarcomere measurement, the length of the scanned line has to be superior or equal to 256 pixels. In this configuration, acquisition with confocal microscope can easily reach 1 kHz, which is high enough for contraction kinetic studies (Pasqualin et al., 2016) . All image files compatible with ImageJ and its extensions like Bio-Formats (Linkert et al., 2010) can be processed by SarConfoCal. It should be noted that a calibration of the two dimensions of the image is fundamental for a correct detection of SL. This can be done with the calibration tools included in SarConfoCal or with the Bio-Formats plugin.
Workflow, image processing and outputs
The two channels of the image are separately processed line by line (Fig. 1) . For SL measurement, each line of the transmitted light channel is analysed with fast Fourier transform to determine the dominant spatial frequency of striations, the latter being represented by a peak in the Fourier spectrum (Gannier et al., 1993) . This peak is searched within an interval defined by the user to prevent the detection of spurious peaks in the noise (Supplementary Figure S1) . Once identified, the dominant spatial frequency is converted into a period corresponding to SL. The algorithm allows high accuracy outputs and subpixel resolution of sarcomere measurement. For cytoplasmic calcium variation measurement, pixel values of each line in the calcium fluorescence channel are added. SL and calcium fluorescence plots are displayed versus time ( Fig. 1D and F) . The time scale is set by the acquisition sampling rate. An adjacent/averaging filter (Supplementary Figure S2B) can also be used to smooth the plot (Supplementary Figure S3) . Heavy smoothing can be done without necessarily altering kinetics (Ju and Allen, 1998) . Another window displays a table which contains time (ms), SL (mm) and calcium fluorescence (arbitrary units). This table can be processed with any other ImageJ extension working with results tables or saved as . csv file for further analysis (Fig. 1G) 
Limitations
SarConfoCal does not perform real-time analysis of SL. It is therefore impossible to follow the amplitude of the myocyte contraction and calcium transient during the experiment. As the transmitted light is not monoplane, the recorded SL takes into account the length of sarcomeres in the focal plane exposed to the measured calcium (other channel of the image), as well as those situated in the focal planes above and below.
Conclusions
SarConfoCal is the first software to compute simultaneously both sarcomere shortening and variation of cytoplasmic calcium in confocal microscopy. Its strength lies in its simplicity of use: myocyte contraction and calcium transient can be simultaneously evaluated with a single laser scanning confocal microscope, whereas such experiments usually require costly and dedicated experimental devices. This software is freely distributed as a toolset for ImageJ which is an open-source software widely used in scientific community. Moreover, it is not dedicated to a specific image file format and data can be further processed with other ImageJ extensions. SarConfoCal is written in ImageJ Macro Language and can be easily modified or improved to correspond to user-specific needs such as optical action potential recording with voltage sensitive dyes.
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